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[Mf$] [CONSTITUTION] 

^Mfr1$^Mikit$J\^£'9WW A negative electrode contains the heat 

£ tift / V7x-Xt: a yf processing thing of a mesophase pitch pellet or 

/J^f£#t N L> y 7 X tf ^/ mesophase pitch green coke-breeze powder to 

f ^D'-yn-^ x|^7k*^|^^ which coated treatment was carried out with an 

S^£rl3<^ lEffi^ y A-f oxygen-containing compound, and a positive 

>i"^Sr K — >^ • JUi K — 5 S electrode is made of lithium metal complex 

9 f-ty^&M^n* Mit f W)b y ^ oxide and the lithium manganese oxide which 

r> J*^ is ft can carry out a lithium ion the dope *dedope. 

b% , Wi¥At*t& ] )^i>&4ir> It is the rechargeable lithium-ion battery 

ILllkWM'Vfo&o characterized by the above-mentioned. 

[ADVANTAGE] 

IZWtMit&Wlfci: 9&SAQfSL£ The rechargeable lithium-ion battery of the 

tifc/ y 77^ — Xt y y^/h^f^ high-energy density which improved the 

y ^!) overdischarge-proof property is obtained by 

5£© ^toSfe 2r using the negative electrode containing the heat 

l^trAfe y ^'^^^f K processing thing of the mesophase pitch pellet 

7* • Jl£ K^- 77° D-Slif ^ by which coated treatment was carried out with 

^SS'd St^kfe i: y f A v ^ the oxygen-containing compound, or a 

rf^tilkik^frbtZ&jE^&ffiit N mesophase pitch green coke-breeze powder, 

<5 <h f^J: *9 . Rii^?i#ttlr and the positive electrode which is made of 

LtclM :XL ^^^c~^&0 y lithium metal complex oxide which can carry out 

J'tyJ*^ ir^yZJk^^Lt^hfi a lithium ion the dope * dedope, and a lithium 

5c manganese oxide. 
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Horizontal axis: Discharge capacity 
Vertical axis: Voltage 

Curves (from top to bottom): positive-electrode electric potential, cell voltage, 
negative-electrode electric potential 



[ #fPlf * IS ] [CLAIMS] 



[ffiMl] [CLAIM 1] 

%fcti^WMit&fa\^£tyWL& A rechargeable lithium-ion battery, in which a 

%±M&tifc/ y y^—y^y ?~ negative electrode contains heat processing 
/H^&V^Ly y thing (A) of the mesophase pitch pellet or 

^'/y—l/^ — V 7s ^'^L(OW^M mesophase pitch green coke-breeze powder to 

WA%) (A) £r1?r^ IE®#\ y which coated treatment was carried out with an 

$J*4 jr>%: F— 7° • K— oxygen-containing compound, and a positive 

<S y A^^^^^fb electrode is made of lithium metal complex 

(B) t y $ J^-vz/JS^yffli oxide (B) and lithium manganese oxide (C) 

( C ) i^iilt which can dope * dedope a lithium ion. 



[ft*«2] [CLAIM 2] 

$^3S$9 (A) #\ p ( g A rechargeable lithium-ion battery of Claim 1 , in 

/cm 3 )^!. 7^p^2. which heat processing thing (A) 
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mfrb .1 0 nrru 
d 002 ^ s 0 . 3 5 n m/j> bO, 3 
7 nm^rEfflf-fo^s y^!>A 
^M-^Kfkfe (B) -ffK = 
/UK = y £VK7>4>&< iti 

6 <DflKfir.-e, 2 . 1 V b 2 . 

9 V&WU (A) 1 0 OIH 
C^Lt (B) 2 7 0 J&»b 3 7 
oiiai (C) 1 O/j^d 7 0 
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True density (rho) 

(g/cm 3 ) is 1.7 

IS_LESS_THAN_OR_EQUAL_TO (rho) 
IS_LESS_THAN_OR_EQUAL_TO 2.1, the 
microcrystal thickness Lc is 0.8 nm to 10 nm, 
carbon intercalation distance d 0 o2 is in the 
range of 0.35 to 0.37 nm. 
Lithium metal complex oxide (B) is made of at 
least 1 type of cobalt and nickel, with the 
electric potential from a lithium reference pole, 
lithium manganese oxide (C) has 2.1V to 2.9V, 
(A) It is made of (C)10 to (B)270 to 370 
weight-parts, and 70 weight-parts to 100 
weight-parts. 



[DETAILED 
INVENTION] 



DESCRIPTION 



of the 



[0 0 0 1 ] 



[0001] 



[mmtom^m] [industrial application] 

#&$)f3\ y This invention relates to improvement of the 

Ml&v>WM$kM%f$EV>iLk&\zM overdischarge-proof property of a rechargeable 

i~<5 0 lithium-ion battery. 



[0 0 0 2] 



[0002] 



[«C7)»] 

— f£M fc'-r * 7 s 



[PRIOR ART] 

In recent years, a rechargeable lithium-ion 
battery is an accumulator which has the 
high-energy density which can attain a 
reduction-in-size * weight reduction. 
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It is observed as an electric power unit for 
portable electronic devices of cordless, such as 
integrated video camera and CD player, MD 
player, a personal computer, a portable 
information data terminal, and a mobile 
telephone. 

Generally, carbonaceous material powder, such 
as a petroleum pitch coke or a coal pitch coke, 
js used for the negative electrode of a 
rechargeable lithium-ion battery, HCo0 2 or 
LiNiC>2 is used for the positive electrode. 
Copper foil is used as a collector of a negative 
electrode. 

However, if it is not made the leakage current of 
1 or less micronA by the electronic switch even 
if it carries out a cut-off by the predetermined 
cell voltage, it becomes an overdischarge by 
neglect. 

If a cell voltage falls up to the OV neighborhood 
by the overdischarge, the electric potential of a 
negative electrode will rise, the copper used as 
a negative-electrode collector will elute, a 
battery property deteriorates remarkably. 
In the conventional rechargeable lithium-ion 
battery, so as that it may not be in such an 
overdischarge state, it is necessary to add . a 
control circuit. 

It is dealt with easily and has the fault which is 
not made. 



10 0 0 3] 



[0003] 



[ 5§ W # M & L X 9 1 1 5 U [PROBLEM to be solved by the Invention] 
HI This invention aims at improving an 

*3§$If3> MpfrM^A&ifcffi L overdischarge-proof property, after maintaining 
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fc±^ffti^iE#tt%i&&i~'5 a high discharge capacity, the rechargeable 
r.i^lWH', rU^^/v^r— lithium-ion battery of a high-energy density is 

<&fg(D D =f £ 4 ^^"Id^WM provided. 



[0 0 0 4] 



[0004] 



mm 'btztf)<D ^® ] 



r> a ^ ^ ^m\Ym & b t£. s y 



[MEANS to solve the Problem] 

In order that this invention may attain said 
objective, a negative electrode is made of a 
heat processing thing of the mesophase pitch 
pellet by which coated treatment was carried 
out mainly with the oxygen-containing 
compound, or a mesophase pitch green 
coke-breeze powder, a positive electrode is the 
rechargeable lithium-ion battery which is made 
of lithium metal complex oxide which can be 
carried out, and a lithium manganese oxide the 
dope * dedope mainly about a lithium ion. 



[0 0 0 5] 

Ztitzt y^oi-xt'y^^y 

h «fc 9 # P>ti5 * - 

/Hfyf 1:3 0 0 c Cfab 5 0 



[0005] 

The negative-electrode active material of this 
invention contains the carbonaceous material 
heat-processed after carrying out coated 
treatment of the oxygen-containing compound 
on the surface of a mesophase pitch pellet or 
the ground mesophase pitch green coke-breeze 
powder. 

For example, the thing which centrifuged the 
mesophase pitch pellet generated when the tar 
pitch obtained by a naphtha cracking, a crude 
oil cracking, thermal decomposition of coal, and 
asphalt degradation etc. was heated from 300 
degrees C to 500 degrees C, or a pellet 
separates the lump united further, the ground 
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0 , 



<Dizmmit&%n:-®Lm u 8 o 

0°C/J»b 1 3 0 0°C, »f L< 
it 9 0 Otrt>£> 12 0 Ot"?^ 



green coke-breeze powder is coated with 
oxygen-containing compounds, such as a 
phenol resin, a furanformaldehyde resin, and 
furfuryl alcohol, from 800 degrees C to 1300 
degrees C 

It is obtained by preferably heat-processing in 
inert-gas atmosphere by 900 to 1200 degrees 
C. 



[0 0 0 6] 

MZ-fts '^7V 94 

mm (a) (±, P ( g 

/cm 3 ) ^.1. 7 ^ p ^ 2 . 
1, ^SrF-jgE^L c #0. 8 n 
mfrbl 0 nm, 
dooa #0. 35 nm/j>?)0. 3 



s wi sEin d 002 a* htmm * it 



[0006] 

As the method of coated treatment, a dry type 

and a wet any method can also be used, for 

example, a dry process by the high-speed 

air-current impact method using a hybridizer 

and the solution made to dissolve an 

oxygen-containing compound in a medium are 

made to disperse raw material powder. 

The wet method which a medium is evaporated 

and is dried is mentioned. 

However, it is not limited to in particular these 

methods. 

Heat processing thing (A) of this invention, it is 
desirable that 

True density (rho) (g/cm 3 ) is in the range of 1 .7 
IS_LESS_THAN_OR_EQUAL_TO (rho) 
IS_LESS_THAN_OR_EQUAL_TO 2.1, the 
microcrystal thickness Lc is in the range of 0.8 
nm to 10 nm, carbon intercalation distance doo2 
is in the range of 0.35 nm to 0.37 nm. 

If the true density (rho) which is a parameter 
showing the physical property of the heat 
processing thing of this invention, the 
microcrystal thickness Lc, and carbon 
intercalation distance doo2 separate from the 
above-mentioned range, it will be hard to 
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become the secondary cell which bears an 
overdischarge, with a high discharge capacity 
maintained. 

[0 0 0 7] [0007] 

?%tKMMWfflfci&"$&foti& s V If necessary for this carbonaceous material, the 

^tyM-i ir^'k K^-T" ♦ Wl K— graphite coated with the coke, low crystallinity, 

T'LyS^^-^^x f&#n$ittfo or amorphous carbon which can carry out a 

SVMi^iftSt^&Kcfc 9M£ lithium ion the dope * dedope can also be 

titz ^77/^ h if y y 7 4 V added and used. 

5r'/JPx_Tffll^<5 C t t>~C# <3 C Moreover, if it is with the need, a graphite, 

fotU4\ ffifeSttfti 21 carbon black, etc. can also be added and used 

\*\<D^flL$}M k It, ifyyr as a conductive support agent between 

>f K. i;-*>77 v ^#£r^ active-material grains. 

jJDLT^9v >k 5Cli:^i?#So * The electric potential to which lithium metal 

|&^l<7)]Efii?§%K'C&5 !i complex oxide which can be carried out made 
A-f K— *7° • lift K— 7"L. lithium the reference electrode (OV) should just 

£A&H ; $'nSfHfc% be more than 3V the dope * dedope about the 

fi, y ^ # ( 0 V) lithium ion which is the po sitive electrode active , 

t Lfctfi^ 3 VMlWbOV material of this invention. 

foJUf J; \/\ y J* For example, lithium cobalt oxide : 

=« ^VV h SKfctffe : Li x Co0 2 (0<x 

Li x Co0 2 ( 0'< x ^ 1 ) IS__LESS_THAN__OR_EQUAL_TO 1) 

Li x Co y M 2 0 2 (/c/cU Li x COyM z 0 2 

M{£A 1 , In, Sn, Zr, (Correcting and M expressing at least 1 type of 

Mn , T i <DfyfrtbM\Stifr'}> metal chosen from Al, In, Sn; Zr, Mn, and Ti.) 

&< t h iW.vy&M'kMVs x, X, and y and z are 0<x 

y , z fi#* 0 < x ^ 1 . 1 , ISJ-ESSJ"HANJ)R_EQUALJO 1.1 and 0.85 

0 . 85^yg0. 9 9, 0 . IS_LESS_THAN JDR_EQUAL_TO y 

0 0 2 S z ^ 0 . 15 CDWt&M IS_LESS_THAN_OR_EQUAL_TO 0.99 

i" 0 ) respectively The number of 0.002 

L i x C o y N i z 0 2 (0<x IS_LESS__THAN_OR„EQUAL_TO z 

y + z = 1 ) IS_LESS_THAN„OR_EQUAL_TO 0.15 is 

y yty)V$£\YM : expressed. 

L i x N i O2 (0<xSl), Li x Co y Ni 2 0 2 (0<x 

L i x N i y M z 0 2 (fztz L, . IS_LESSJTHANJ)R„EQUAL_TO 1, y+z=1) 
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M}i % Mn, Fe, Ti % Co Lithium nickel oxide : 

<Dtyfrhmtti-t'pt£< t h i Lix Ni0 2 (0<x 

U x, y, zfi, IS_LESS_THAN_OR_EQUAL_TO 1), Li x Ni y M z 
#*0<x^l, 0. 8 5^Y 0 2 

^ 0 . 9 5, 0. 0 5^zS0. (Correcting and M expressing at least 1 type of 
1 5 <DWt%:'M-i~c ) & if #^tf b metal chosen from Mn, Fe, Ti, and Co.) 
ti&c X, y and z, respectively, 0 <x the number of 

IS_LESS_THAN_OR_EQUAL_TO 1, 0.85 
IS_LESS_THAN_OR_EQUAL_TO Y 
IS_LESS_THAN_OR_EQUAL_TO 0.95, and 
0.05 IS_LESS_THAN_OR_EQUAL_TO z 
IS_LESS_THAN_OR_EQUAL_TO 0.15 is 
expressed, etc. are mentioned. 

10 0 0 8] [0008] 

^^^©t) 0— o<DIE®ffi#3W The lithium manganese oxide which can carry 
"X: fo & l) f~ $ 4 $r y & V— out the lithium ion which is the another positive 
~f ' flte K— 7"L o <S V f-pJ*-? electrode active material of this invention the 
^^^iHtfeli, dope * dedope is an electric potential from a 

MMfrbO)MiiL, BP^n reference pole about lithium, namely, the 

"f-ty J*0)&ikM7xMML$: 0 V t electric potential which made the 
2p (-w L ffffc /5 s '> & < t !> oxidation-reduction potential of metal lithium 0V 
2. 1 V/j»^2. 9 V<DWtfL%: and a reference standard should just have the 
tt5 fcOt"fciitt'J;l\ 0iR electric potential of 2.1V to 2.9V at least. 
fi\ Li x Mn0 2 (0<x^ For example, Li x Mn0 2 (0<x 
1), Li x Mn 2 0 4 (0. 5 IS_LESS_THAN_OR_EQUAL_TO 1), li x Mn 2 
^ x < 2 K L i x M n 0 3 . ( 0 O [4 j - (0.5 IS_LESS_THAN_OR_EQUAL_TO 
<x£l), L i C oxMn 2 . x O x<2) and 

4 (0<x^0. 2) m^hZo Lix Mn0 3 (0<x 

IS_LESS_THAN^aR^ioT)Al^^) and 
There is f LiCo x Mn 2 . x 0 4 j (0<x 
IS_LESS_TH^_OR_EQUAL^FoV2) etc. 

[0 0 0 9] [0009] 

fcWJl (D&M t <S IE The amount of the positive electrode combined 

m^iftfi, iulEAffi (A) 10 with the negative electrode of this invention, as 
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Ofift^tc^fLT, y^^A-f opposed to 100 weight-parts of said 

3ry$: K— -f * 8& K— y"L o <5 negative-electrode (A), it is used by 70 

V ?~ $ J±&M^-n 'Mi\:$) (B) weight-parts from 370 weight-parts and lithium 

2 7 0 ItSU^ b 3 7 0 Hit manganese oxide (C)10 from 270 weight-parts 
£fK y f-tyM.^ yj) *y of lithium metal complex oxide (B) which can 

(C) 10^^7 0 1141$ ~C#J carry out a lithium ion the dope * dedope. 

V^bti<5 0 y^^^^f^^^rK If lithium metal complex oxide (B) which can 

^-y* • M K"—^ L55!Jf ^ carry out a lithium ion the dope * dedope is less 

Ml^ifti (B) #270 than 270 weight-parts, the amount of the lithium 

fifilF|5.^i1i"Cfi % iEffiJ: *9 36&di ion which is discharged from a positive 

£H^1ttcffll^ti<S y electrode and used for charging decreases, it 

>f$-ycoMA t/ Pt!:<t£ v )* M'%£ does not become the battery of high 

AiDW&kttfchi** 3 7 0 1 capacitance|volume but more than 370 

MMX Y)^^h^ weight-parts and a negative-electrode side are 

W>k ft *5 x #H L i w^ffHi^ig overcharged, precipitate of metal Li takes place 

y> ^ W&^kt t %ii\L~t%>o £ and a battery property deteriorates. 

fz^ y *7 ytfyUfcikOfa Moreover, if there is less lithium manganese 

(C) &i OlMa?)^*^ oxide (C) than 10 weight-parts, the resistant 

aS^®OWttfiSlb/4 ? 5S^ii" function of an overdischarge will not express 

f\ 7 0 fi4SP J: 9 #V^, Jfe but more than 70 weight-parts and quick-charge 

ii^Stt^^ti^^t^s property will be impaired, battery capacity 

%$:%<-fZ>Zbti*'V£tt:\t\ cannot be enlarged. 

[00.10] [0010] 

*^91{cifflv^fbtb5^7k^©^¥ As the electrolyte of non-aqueous electrolyte 

$&<DWMWh ITIt used for this invention, for example, what mixed 

L i C 1 0 4 > L i A s F 6 , L any of the lithium salt of LiCI0 4 , LiAsF 6 , Li x 

ixPF 6 ,L i B F 4 ,CH 3 S PF 6 , LiBF 4 , CH 3 S0 3 Li, and (CF 3 SO 2 )i NLi 

0 3 L i , (C F 3 S C) 2 ) 2 N L etc., 1 type, or 2 or more types can be used. 

i #60 y ^ J^i^<Di/^fti^— Moreover, as a solvent of said electrolyte, for 
m^tcit'ZmU.t^U^ Lfzh ■ example 

<D&&F8X*% 3 0 * it. wliZM It can use anything that mixed any 1 kind, or 2 

MIlHtlt Mz-lf? or more kinds of 

p \fvyl3 — sjvfc — K Propylene carbonate, ethylene carbonate, 

yj?-—^%*—h^ i? /f/^- dimethyl carbonate, diethyl carbonate, 1, 2 

K "y^-i-tvjj— — dimethoxyethane, 1,2- diethoxy ethane, 
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p77V« 2 - ^ fvu-f h7t 

*7>\ T± b~ b y/K 7°p 
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(gamma)- butyrolactone, tetrahydrofuran, 
2-methyl-tetra hydrofuran,1 ,3-dioxolane, 

sulfolane, amethyl sulfolane, acetonitrile, 
propionitrile, methyl formate, ethyl formate, 
methyl acetate, ethyl acetate, butyl acetate, 
acetic-acid hexyl, methyl propionate, 
ethylpropionate, butyl propionate, 

propionic-acid hexyl, trimethyl phosphate, 
phosphoric acid triethyl, phosphoric acid 
triethyl hexyl, phosphoric acid trioctyl, 
phosphoric acid tri lauryl, etc. 



[0 0 1 1 ] 

tvyf©^y vtr^y 4 y<nW 



[0011] 

As a separator used for this invention, a kind of 
films of the fine porous film of polyolefin, such 
as polyethylene and a polypropylene, by itself, 
those 1 type, or a 2 or more types of bonding 
film can be used. 

Moreover, there are also nonwoven fabrics, 
such as polyolefin, polyester, polyamide, a 
polyimide, and a cellulose, independently, it can 
be used combining the above-mentioned 
porous film. 



[0 0 12] [0012] 

jfWft<r> y In comprising the rechargeable lithium-ion 

flfeSrfflfjSi" 5CSfc!5, fiMfcff battery of this invention, an active-material grain 
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is joined to a collector using a binder. 
It considers as positive and a negative 
electrode through Li ion conductive solid 
electrolyte through a separator. 
A collector, a binder, a separator, and in 
particular a solid electrolyte are not limited. 
However, a thing with a thickness of 1 
micrometer - 50 micrometer, such as an 
aluminium, nickel, a metallic foil of a stainless 
steel, a net-like form, and a metal porous 
substance, is used for the collector of a positive 
electrode. 



[0 0 13] 

(2) *«ig#iJ ^ f > y- i S 

m r miT-z / AiikLtc'&, mutt 

ill, 4£« 

£ftb(1)~(3)<Zn*-fft£>;fcfe 

(3) W^fe-CKig 



[0013] 

In manufacturing a positive electrode and a 
negative electrode, respectively, (1) Mixing a 
binder with an active-material grain, it presses 
then. 

(2) After dispersing a binder and an 
active-material grain to the organic solvent, 
carrying out coating drying, furthermore, if 
necessary, it presses. 

(3) Coat and drying, after dispersing a binder 
and an active-material grain in water, 
furthermore, if necessary, a press is carried out. 
The any method of these (1)-(3) is also good. 
Moreover, after mixing an active-material grain 
beforehand, it may manufacture by the method 
ofsaid(1)-(3). 



[0014] [0014] 

&&W<Dy^&&'(*yz.<tk'tB. In the rechargeable lithium-ion battery of this 

^.{cjoV^Cft, invention, metals, such as a stainless steel, 

yi/^^f— ;K ~ -y's/i'tf)'? nickel-plating steel, and an aluminium, are used 

^s^i—^s Tj^% ~ $J*Q$(D for coverings, and the shape is made to 

&JR&ffli^"C, ^©WtaTO cylindrical, a sheet form, and the desired 
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shapes of square etc. 

The rechargeable lithium-ion battery of this 
invention, a lithium ion may be occluded to the 
electrode potential for lithium, and 2.8V. 
And the heat processing thing of which coated 
* treatment was done with the 
oxygen-containing organic substance in the 
surface of the mesophase pitch grain which has 
a high discharge quantity of electricity is used 
for a negative electrode, when a lithium ion 
returns to a positive electrode at a positive 
electrode at the time of battery discharge, it is 
the service condition of a normal electronic 
equipment, that is, by 1 - 3mA/cm 2 high 
discharge, it is calculated as the current density 
of an electrode, lithium complex oxide of cobalt 
or nickel -based is mainly role, by the low rate 
discharge by the feeble leakage current which 
flows to the electronic circuit after switch-off, it is 
1 - 100 micronA/cm 2 current density. 
A lithium manganese oxide also dopes, the 
electric potential of a positive electrode falls and 
it becomes an electric potential of the same as 
the negative electrode which is below a copper 
elution electric potential and which goes up by 
the way, a cell voltage is set to 0V. 
Therefore, even if a cell voltage becomes OV 
and an overdischarge, an elution of the copper 
of a collector can be prevented, and if it 
charges, an original battery property will be 
shown. 

It becomes the battery by which 
overdischarge-proof property was excellent. - 



[0015] 
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mmm] [examples] 

SkTfcs ^%W]<D'MM$\&Wtfy\ Below, the Example of this invention is 

-t5 0 (IU MTfcwT'MMm demonstrated. 

ii, ^WR^&t^M&P^it However, the Example shown below is the 

i-&'tz#)<?)$W<Vh^X, illustration for embodying the technical thought 

^A^tyiMMfi of this invention, comprised such that the 

Tt^yp/^ SBW^PKS- rechargeable lithium-ion battery of this invention 

c?jfx<5 t<0"CI4^cv^ c is not limited to the following shape, structure, 

and a member. 

[0 0 16] [0016] 



mmm 1 ] [example ij 

Affirm ^ y7x-Xt°7f 'J N After the negative electrode coated the phenol 

££$^ffi>- 7 ^ / — /MftJilt resin on the mesophase pitch pellet surface, the 

HL/cflL ^MM&frifc^ heat-processed amorphous carbon grain is 

'^(Dti — ^ly^tL^ -&/<4 1/$?— coated to copper foil using a binder, press 

Srffll/^TfHfSt^^X L x "7°^^ compression is carried out 

J£$8~t~Z)o 3E$if3\ y^-^A^ 1 A positive electrode coats the conductive 

/<;v h$)$feik f $) t L i is Mn 2 support agent of a lithium cobalt tin oxide, Li 15 

0 4 t L io.9Mn0 3 ^)!if ^ Mn 2 O4 , a Li 0 .9 Mn03 lithium manganese oxide, 

J*-?yff y%fcik%Jk Tir^i^y acetylene black, and a graphite particle to an 

'fyy J 7, M^WWi<O^W$iM aluminium foil with a binder, a compression 

~ press is carried out 



[00171 [0017] 

±/< v— 9\z.\%^ i^\)au=fvy A polyethylene fine porous film is used for a 

flR£?U8l&fflV N 5o WRfcXiM separator. 

7 v ft* VWt- V ^ £ ( L i B The electrolyte used something that dissolved 1 

F 4 ) <D l ^vi^t/p t°l/y* mol of lithium-tetrafluoroborate (LiBF 4 ) into a 
— *.^— h : rr.f^ i/^^— mixed solvent with a volume-ratio ratio of 

— b : y-yfo7^ r-i/co^ 25:25:50 % propylene carbonate: ethylene 

ffilt^2 5 : 2 5 : 5 0%«g carbonate: (gamma)- butyrolactone 
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■a Lfc twSrffl^ It is made flat-shape after carrying out the 

<5 C ^fri^&^^XviMib-tes^ winding of the separator to an electrode spirally 

\/— & tr;*^-/ 7^^«^^#[sl L using this etc., the rechargeable lithium-ion 

tc&, MTOf-U J¥#-8. 6 battery of the thickness of 8.6 mm, a width of 34 

mm N 4*13 4 mm, f ^48m mm, and the prism size of length 48 mm is 

may?}) XA -tH" Xco Df^A assembled. 

^->'Z^l;?l!l : ^ffi.^i:"C2) n It charges to 4.20V by 700mA, and discharges 

7 0 0mAt4. 2 0VjtJ to 2.7V by 350mA. 

H 2rfr V \ 3 5QmAt*2. 7 First-time discharge capacities are 938 mAh(s). 

V ^ Xtk9rt6 a ^M^WcMM In addition, in lithium cobalt tin complex oxide of 

fifi 9 3 8mA h.Xh£> a &£> N a positive electrode, 310 weight-parts and U1.5 

A&lfir&K 1 0 Ofii^ic^t L Mn 2 0 4 make 42 weight-parts and Li 0 . 9 Mn0 3 

TiEHc/) 9 is=i;</u hWi'U 5 weight-parts to 100 weight-parts of 

-nSHfc^fi 3 1 O fiS^fk L i negative-electrode active materials. 
1.5 Mn 2 0 4 (4 4 L 
i 0 .9MnO 3 (4 5 

■So 

[0018] [0018] 



[J£ij£#fJ 1 ] [COMPARATIVE EXAMPLE 1] 

MtElt, t>f ^- ? 7^M% A negative electrode coats pitch coke powder to 

'MMM £|W]— (D'^^i yy—bQ copper foil with the binder of the same as an 

{w^f|'(d^X '/ \s^]±M~t Example, press compression is carried out. 

•So IE Site, Uf iJAa/^Hv A positive electrode coats the conductive 

%WLnWi\Jfy (L i C00.97S11 support agent of lithium cobalt tin complex 

0.03O2 ) t T-te^u yy"y y 9 N oxide (LiCoo.97Sn 0.03O2 , acetylene black, and a 

B$a'$L$ft<n i MM®]M : fc' < '{ ^¥ graphite particle to an aluminium foil with a 

— "CTA 5 =■ !>-^f|(-.^.X binder, a compression press is carried out. 

[0019] [0019] 

7 0 0 mA'C 4 . 2 0 V&X'ft By 700mA, it charges to 4.20V and discharges 

it&fiv, 2. 7v^^jstt to 2.7v. 

3„ 3D0<P;fe5c&8rJM±, 7 8 0 A first-time discharge capacity is 780 mAh. 
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mA h-Cfc3o 0 1 \z.%Wft<D It is the battery of the Example to FIG 1, the 
W&s 111 2 ^it&tfWM'ttL?)^ battery of Comparative Example of Fig2 
H'frit'k i9Jlfl] <D~)&W, t j$t1&fi.(D The voltage with respect to the reference lithium 
'■.}) J*MMIZ-M~f& electric potential in the case of first-time 

discharge and an overdischarge is shown. 



[0 0 2 0] 



[0020] 



131 



£4 



[ADVANTAGE of the Invention] 

According to this invention, the rechargeable 
lithium-ion battery of the high-energy density 
which improved the overdischarge-proof 
property is obtained by using the negative 
electrode containing the heat processing thing 
of the mesophase pitch pellet by which coated 
treatment was carried out with the 
oxygen-containing compound, or a mesophase 
pitch green coke-breeze powder, and the 
positive electrode which is made of lithium 
metal complex oxide which can carry out a 
lithium ion the dope * dedope, and a lithium 
manganese oxide. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[Hi] [FIG. 1] 

I3l.fi. 'MMffl<OV "f-^J^-Ur FIG. 1 is a graph which shows the discharge 

yil&WMWfaM¥f&%7s<iry' property of the rechargeable lithium-ion battery 

yyX'&Zc of an Example. 



[II 2] [FIG. 2] 

HI2{*, lt1&ffl<Dl£M<D!) s 3 L V FIG. 2 is a graph which shows the discharge 

J±4#> , ^lfcMM<DWcK.Wf&$: property of the conventional rechargeable 

^t y7 7X*fe5„ lithium-ion battery of Comparative Example. 
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[FIG. 1] 
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Horizontal axis: Discharge capacity 
Vertical axis: Voltage 

Curves (from top to bottom): positive-electrode electric potential, cell voltage, 
negative-electrode electric potential 



[112] 



[FIG. 2] 
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Horizontal axis: Discharge capacity 
Vertical axis: Voltage 

Curves (from top to bottom): positive-electrode electric potential, cell voltage, 
negative-electrode electric potential 
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(57) Abstract: 

PURPOSE: To provide a lithium ion secondary battery 
with improved overdischarge resistance and high energy 
density. 

CONSTITUTION: A negative electrode contains heat 
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green coke powder, covered with an oxygen- containing 
compound, and a positive electrode comprises a lithium 
composite oxide and a lithium manganese oxide, capable 
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1, ttft^ff^L C3&S0. 8nmHl0nm, j^SIJl 
MEBg|doo 2 ^0. 3 5nmH0. 3 7 nmCOfSISi- 

BBJEKdoo^-hSBlSHSrtt-rft**:. 

b fc * *iS»tt Ix. 5 :r £ tt ft tUc < v \, 

[0007] BEK*««-3H-teiKS*>ixtf . y ^ * 

v*K-y p -JK 1 K-y p b5 5^-^^. ®^f B <!4fc£i^ 

4Mm^lW<D»«l&#J£ bT, ^77r^fb, 
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L-i-r6 o oTTo^ x ^ 1 ) 

L i x Co f M^p/ (*t*:U MttA 1 , In. S 
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